Photostress recovery times were measured in 50 normal individuals in the age group 20-50 years and in 27 patients who had developed central serous retinopathy. A flash generator of a commercially available fundus camera was used to provide the appropriate stimulus. The results showed that photostress recovery times were grossly abnormal in patients with central serous retinopathy for the first few weeks after the onset of symptoms, but gradually returned to normal values by 5 months and remained so thereafter. In a few patients during the recovery phase a transient paradoxical response was noted, whereby the photostress recovery times became less than in the unaffected control eye.
Introduction
Patients with idiopathic central serous retinopathy have markedly prolonged photostress recovery times during the acute phase of the disease process when oedema fluid separates the neural layers of the retina from the pigment epithelium (Magder 1960 , Chilaris 1962 , but some uncertainty exists as to how quickly the recovery time returns to normal levels or, indeed, whether it ever does so in such cases. Continued delay in adaptation in response to bright lights has been reported by Sverak et al. (1962) , Hache et al. (1972) and Kolin & Oosterhuis (1975) , whereas other workers, including Forsius et al. (1963) and Glaser et al. (1977) , noted normal responses in patients after the serous fluid had absorbed.
Although there is general agreement that the photostress recovery times of two normal eyes of one individual are similar, and that in patients with uniocular macular disease the photostress recovery time in the unaffected eye can be used as a control, problems may be encountered if bilateral lesions are present. Absolute values for the upper limit of the normal range have not been established, varying from 50 seconds (Magder 1960) to 80 seconds (Tiburtius 1969) , because of differences in the techniques employed to carry out this test.
Patients attending ophthalmic departments with idiopathic central serous retinopathy frequently have fluorescein angiographic studies performed in order to document and confirm the diagnosis, so it seemed reasonable to ascertain whether a commercially available fundus camera could be adapted to provide a suitable photostress stimulus. This paper reports the results of an investigation in which photostress studies were performed on a normal control population in the age group 20-50 years, and on patients with central serous retinopathy during the acute, resolving, and resolved stages of the disease process, using a flash generator of a fundus camera to provide the stimulus. provide photostress stimulus. The flash intensity at 3 em from the exit lens of the camera, i.e. the position of the subject's eye when seated in front of the apparatus, was measured at 2.6 x 10 3 lux seconds. All studies were carried out in an area illuminated to standard office requirements.
After removing the viewing lamp from its housing (Figure 1 ), the camera was aligned so that the subject, on looking through the exit lens was able to see a reduced image of a standardly illuminated Snellen chart positioned at 4 metres from the chin rest ( Figure 2 ). The Snellen chart was placed at 4 metres since few angiographic departments have the space to accommodate a Snellen chart at 6 metres and, by viewing the letters through the camera, the eye being examined remained aligned during the period of photostress.
Prior to commencing the test the corrected distance visual acuity was measured for each eye, and the lowest line which could be seen on the 4 metre chart when viewed directly, recorded. Each eye was occluded in turn, using a cotton gauze pad covered by a black occluder. In the controls the right eye was tested first, in the central serous group the unaffected eye.
When the subject was seated comfortably at the fundus camera, 15 flashes were presented at one-second intervals as the dazzling stimulus. The patient was then requested to remove his head from the chin rest and look directly at the Snellen chart. The time in seconds that elapsed from cessation of the dazzling stimulus until the patient could read the row of letters immediately above those recorded prior to stimulation was designated as the photostress recovery time. After a delay of five minutes, the same procedure was repeated with the other eye. All of the patients studied were tested with undilated pupils.
In order to obtain control values a group of normal individuals was assessed, comprising mainly hospital staff in the age group 20-50 years with no ocular abnormality apart from refractive errors. Photostress studies were also performed on 27 patients, mean age 41 years, who had developed a unilateral central serous retinopathy. The diagnosis was confirmed by biomicroscopic and fluorescein angiographic studies carried out during the active stage of the disease process. All patients had visual acuities of 6/18 or better when first examined. Fourteen cases of central serous retinopathy presented for evaluation in the acute phase, within one week of the onset of symptoms. Photostress studies were performed on this group at one week, two weeks, and at monthly intervals until the fifth month after the onset of their symptoms. Thirteen patients with resolved unilateral central serous retinopathy were recalled for further investigations. No evidence was found in any of these cases of macular oedema on indirect ophthalmoscopic or contact lens fundus examination. Photostress studies were performed at intervals ranging from 6 months to 5 years, with a mean of 22 months, after the onset of visual symptoms.
Results

Control group
Photostress times measured in 50 normal individuals (100 eyes) had a mean value of 15 seconds, with a standard deviation of 5 seconds (Table I) . No difference was observed in the results obtained from the right and left eyes separately, and the values recorded in the two sexes were similar. The range of recovery times obtained from this group, mean age 40 years, was from 7 to 26 seconds (Figure 3) . 
Photostress recovery times in centralserous retinopathy
Photostress recovery times were noted to be grossly prolonged in all patients presenting with active central serous retinopathy in the first two weeks after the onset of symptoms (Figure 3 ). Mean recovery times were 120 seconds at one week, but gradually declined so that at 3 months the mean value was 30 seconds, and by the fifth month photostress times recorded from all the patients were within the normal range, with a mean value of 17 seconds. Three Figure 3 . Range ofphotostress recovery times both in 14patients with centraiserous retinopathy first examined within I week of onset of symptoms recorded at I week, 2 weeks and at monthly intervals until the 5th month after onset, and in 50 normal subjects (100 eyes) in the age group 20-50 years. Three patients with resolving central serous retinopathy had abnormally rapid recovery times in the 2nd or 3rd month patients, during the second and third months, developed photostress values which, for a time, were shorter than in the control normal eye. Photostress studies carried out on 13 patients with resolved central serous retinopathy showed that their recovery times were within normal limits, with a mean value of 16 seconds and a standard deviation of 4 seconds. The values obtained from the normal and the affected eyes were also similar in this group (Table 2) . 
Discussion
There appear to be advantages in using a fundus camera to provide the dazzling stimulus for photostress studies because the apparatus is readily available, the light source is subject to little variation, and investigations can be performed immediately prior to carrying out fluorescein studies. Although photostress recovery times recorded in this study were all obtained from patients with undilated pupils, no appreciable difference was noted in the responses of a few patients who had repeat investigations performed after the instillation of a mydriatic. The finding that mydriasis had no effect on the test was, however, well documented in a study reported by Forsius et al. (1963) .
The recovery times both for normal and affected eyes had a somewhat shorter duration in this study than those reported by other investigators using a continuous dazzling source, but the responses obtained had a high level of repeatability, so there would appear to be no drawbacks to employing this technique.
On the assumption of a normal distribution curve in the age group 20-50 using the technique described above, the probability of a recovery time falling outside the range 7-23 seconds is P<0.05, and for the range 2-28 seconds is P<O.OOI.
All 14 cases of active central serous retinopathy had photostress recovery times which were grossly abnormal during the first two weeks after the onset of symptoms, but some patients had recovery times within the normal range by the end of one month, although a major improvement was not evident in all cases until the fifth month.
It is well recognized that there is considerable variation in the time taken for a central serous retinopathy to resolve, ranging from a few weeks to several months, with a mean recovery time of3 months (Francois & Bonnet 1976) and 4 months (Leaver & Williams 1979 ), but we found no evidence that the duration of the photostress recovery time when the patient first presented for examination provided any indication as to whether the detachment would settle quickly or slowly.
A paradoxical response to photostress stimulation was first described by Chilaris (1962) who noted in a patient with retinitis pigmentosa and impaired visual acuity that photostress recovery time was remarkably rapid; and in another case with a detachment involving the macula, which had been successfully replaced, although the photostress recovery time was prolonged, vision then improved transiently to a level above that recorded prior to dazzling. As 3 of the 14 patients studied in this series were observed to have developed unusually fast recovery times for a short period, it would appear unlikely that this reaction is particularly rare. However, we have been unable to find any other reports in the literature of such a response occurring in patients with a central serous retinopathy. The reason for this effect is obscure, but in patients with resolving central serous retinopathy it could have something to do with the changes developing when the photoreceptors and the pigment epithelium initially become re-apposed, Photostress recovery times in patients in whom the serous fluid had absorbed remained within the normal range. Our results confirmed the findings of Magder (1960) , Chilaris (1962) , Forsius et al. (1963) and Glaser et al. (1977) , but are at variance with those of Svenik et al. (1962) and others who stated that photostress times could remain prolonged indefinitely, especially if marked pigmentary changes developed at the macula. Twelve of the patients with central serous retinopathy investigated in this study developed pigmentary changes at this site, but photostress times in all of them were well within normal limits.
Occasionally patients seeking medical advice, complaining of moderate or mild central visual disturbances, may pose something of a diagnostic dilemma, since such symptoms could be attributable either to an optic nerve or macular lesion. Glaser et al. (1977) noted that patients with optic nerve disease did not have abnormally prolonged photostress recovery times; using the technique described above on 10 patients with optic atrophy, we found a mean recovery time of 14 seconds and the values recorded were all within the normal range. Clearly photostress testing is of use in differentiating between a serous maculopathy of recent origin and an optic nerve disturbance, but may well fail to differentiate between a nonexudative pigmentary macular lesion and optic nerve dysfunction.
